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Summary  The  dynamic  stability  of  Squirrel  Cage  Induction  Generators  (SCIG)  based  wind
turbines may  be  improved  by  Static  Synchronous  Compensator  (STATCOM).  At  the  time  of  starting
of wind  farm  and  during  short  circuit  fault  the  voltage  of  bus  connecting  the  wind  farm  reduces
drastically  (Chen,  2005).  A  controller  for  the  STATCOM  has  been  developed  with  its  capability
to coordinate  between  the  positive  and  the  negative  sequences  of  the  grid  voltage.  This  paper
investigates  effects  of  Squirrel  Cage  Induction  Generator  (SCIG)  in  combination  with  a  Static
Synchronous  Compensator  (STATCOM)  under  normal  and  during  fault  condition  (Inwai  et  al.,
2005).  The  results  show  that  the  STATCOM  can  regulate  the  fast  changing  voltage  at  the  point
of common  coupling  between  the  wind  farm  and  the  grid  in  normal  and  during  fault  condition.
Also it  can  supply  the  active  power  during  the  short  circuit  fault  condition.
© 2016  Published  by  Elsevier  GmbH.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license
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Introduction
Due  to  fast  depleting  conventional  fuels  and  its  dangerous
effect  on  climate  worldwide  has  forces  towards  a  cleaner
form  of  energy.  Among  other  renewable  energy  available
the  wind  is  the  most  used  since  it  is  a  cleaner  and  cheaper.
However  the  integration  of  wind  power  to  the  existing
power  system  network  comes  with  unique  set  of  challenges
(Benchagra  et  al.,  2011).  At  the  time  of  starting  wind  farm
 This article belongs to the special issue on Engineering and Mate-
rial Sciences.
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equires  reactive  power  which  must  be  supply  by  the  grid.  In
 weak  distribution  network  wind  farm  unable  to  control  the
oltage  and  frequency.  These  days  all  over  the  world  utili-
ies  are  making  strict  grid  codes  which  must  be  addressed
or  the  integration  of  wind  farm  to  the  grid  (Chen,  2005;
nwai  et  al.,  2005).
This  paper  deals  with  the  power  quality  issues  which  arise
henever  the  wind  power  is  to  be  integrated  to  the  grid
aving  weak  distribution  network.  In  particular  the  power
uality  issues  are  explored  in  the  context  of  a case  study.
or  this  purpose  a  model  for  12  MW  wind  farm  and  STATCOM
as  been  developed  and  Simulation  of  this  system  is  carried
ut  in  Matlab/Simulink  environment.  The  result  shows  the
ole  of  STATCOM  a  Flexible  AC  Transmission  system  (FACTs)
ontroller  on  the  power  quality  improvement  of  wind  farm
Benchagra  et  al.,  2011).
ticle under the CC BY-NC-ND license (http://creativecommons.
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C20  
ind turbine
he  input  power  to  the  wind  turbine  is  usually  shown  by
v = 12Av
3
here  Pv =  mechanical  power  of  wind  turbine,    =  air  density
nominally  1.22  kg/m3),    =  wind  speed,  A  =  area  swept  by
he  wind  farm.
The  mechanical  output  power  of  the  wind  turbine  is  given
y
m =  CpCv = 12cp(ı,  ˇ)Av
3
here  ı  is  the  tip  speed  ratio  of  the  turbine  blade.
For  maximum  utilization  of  wind  power,  particularly
hen  wind  speed  is  low  the  value  of  ˇ  should  be  equal  to
ero.  Fig.  1  shows  the  characteristics  graph  the  wind  turbine
ower  curve  when    is  equal  to  zero.
odelling of SCIG
he  mathematical  modelling  of  SCIG  in  synchronous  d—q
rame  may  be  given  by  the  following  equations.  The  frames
ay  be  ﬁxed  to  either  the  stator  voltage  or  the  stator  ﬂux.
or  the  given  control  strategy,  the  SCIG  dynamic  model  may
e  written  in  a  synchronously  rotating  d—q  frame.  The  sta-
or  and  the  rotor  windings  voltage  according  to  the  d—q  axes
re  given  by  Eq.  (1)
Vsd =  Rsisd + d˚sd
dt
−  ωd ·  isq
Vsq =  Rsisq + d˚sq
dt
− ωd ·  isd
Vrd =  0  =  Rrird + d˚rd −  ωr ·  irq
(1)dt
Vrq =  0  =  Rriq + d˚rq
dt
+ ωr ·  ird
Figure  1  Turbine  power  output  characteristic.
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The  relation  for  electromagnetic  torque  is  given  by  Eq.
2)
em = P  ·  M
Ls
(˚sqird −  ˚sdird)  (2)
The  magnetic  ﬂux  generated  by  the  stator  and  the  rotor
indings  are  given  by  Eq.  (3)
˚sd =  LsIsd +  m  ·  LmIrd
˚sq =  LsIsq +  m  ·  LmIrq
˚rd =  LrIrd +  m  ·  LmIsd
˚rq =  LrIrq +  m  ·  Lm.Isq
(3)
here  V  is  the  voltage;  I,  the  current;  ˚,  is  the  ﬂux;  R,  the
esistance;  L,  the  inductance;  M,  the  mutual  inductance;
em, the  electromagnetic  torque,  and  P  is  numbers  of  pole
airs.  Lm and  m  (M  =  m  ·  Lm)  are  magnetizing  inductance  and
urns  ratio  of  the  stator  current  and  rotor  current  respec-
ively.  The  active  and  reactive  stator  powers  are  expressed
y  formula:
Ps =  Vsd ∗  Isd +  Vsq ∗  Isq
Qs =  Vsq ∗  Isd −  Vsd ∗  Isq
(4)
ystem under study
 system  consists  of  12  MW  wind  turbines  using  the  SCIG  has
een  used  for  the  simulation.  A  single  line  diagram  of  the
imulated  system  is  shown  in  Fig.  2.  The  stator  of  the  SCIG  is
onnected  to  50  Hz  grid  and  rotor  of  generator  is  connected
o  the  wind  turbine.
The  system  consists  of  a  120  kV,  50  Hz  transmission  line
hich  feeds  energy  to  a  25  kV  distribution  network  through
20/25  kV  step  down  transformer.  SCIG  requires  ample
mount  of  reactive  power  at  time  of  starting  and  during
ault.  A  part  of  reactive  power  is  supplied  locally  by  the
00  kVAr  ﬁxed  capacitor  bank  installed  near  the  wind  farm.
est  of  the  reactive  power  is  dynamically  met  by  the  STAT-
OM  with  the  rating  of  3-Mvar.  The  STATCOM  is  connected  to
he  network  at  the  point  of  common  coupling  (PCC)  (Shahzad
t  al.,  2012).  The  speed  of  the  wind  farm  is  kept  slightly
igher  than  synchronous  speed  which  varies  between  1  pu
t  no  load  to  1.005  pu  at  full  load.  A  protection  scheme  is
rovided  so  that  system  may  be  detached  in  the  event  of
ault  (Madalel  and  Sen,  2011).
imulation resultshe  result  shows  that  when  the  turbine  starts  the  reac-
ive  power  drawn  by  the  SCIG  is  higher  which  is  partially
upplied  by  the  capacitor  bank  and  rest  of  the  reactive
Figure  2  System  model.
Dynamic  compensation  of  real  and  reactive  power  in  wind  farms
Figure  3  Output  without  STATCOM.
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power  is  met  by  the  STATCOM.  At  time  13  s  a  LLG  fault  is
introduced  to  the  turbine  2  and  fault  is  cleared  at  13.1  s.
The  simulation  result  of  the  given  system  in  the  graphical
form  has  been  shown  in  Figs.  3  and  4.  The  result  shows
that  during  fault  STATCOM  supplies  reactive  power  which
maintains  the  voltage  and  for  a  small  duration  real  power
can  be  also  supplied  by  the  STATCOM.  The  results  obtained
in  Figs.  3  and  4  are  before  and  applying  the  STATCOM
respectively.
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onclusion
he  impact  of  STATCOM  on  grid  integration  of  SCIG  has  been
nvestigated  during  normal  condition  and  during  the  fault.
t  is  clear  from  the  result  that  STATCOM  has  a  great  impact
n  the  SCIG  integration  and  stabilize  the  network  by  provide
eactive  power  at  the  starting  and  during  the  fault.  It  can
lso  provide  active  power  for  small  period  of  time  thus  mak-
ng  the  network  stable.
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